Introduction
Heavy ions provide the unique laboratory to test QCD at extreme conditions. The recent progress includes the particular impact on polarization generated by axial anomaly providing the robust explanation of energy dependence [1] . The non-central heavy-ion collisions (HIC) naturally provide the large angular momentum (defined by the impact parameter) and related vorticity, as a source of polarization. Vorticity and helicity calculations in kinetic model allowed to predict [2] and elaborate (see [3] , where the role of gravitational anomaly in lattice simulations was addressed, and Ref. therein) the polarization in HIC, with the special attention to NICA complex at JINR.
At the same time, collisions of electrons with ions at EIC, due to point-like nature of electron, do not manifest (in a simple way) the appearance of impact parameter, while the role of acceleration should be more pronounced.
Here we discuss the special role of energy scan at EIC, having in mind also the lower energy EIC which might be also constructed in future as an extension of NICA. The decreasing temperature and possible manifestation of Unruh effects in acceleration is discussed in Section 2.
From the other side, the polarization for light ions and, at extreme, for hadrons, requires to consider the matching with the respective mechanisms of polarization generation. Here we point out for the first time to the similarity of Sivers function to the "memory" effect discussed earlier in string theory and recently suggested in QCD at high energies [4] .
Acceleration and Unruh radiation
In collisions of heavy ions, as well as in processes with elementary particles, such as e + e − annihilation, ultrahigh accelerations can occur. One of the mechanisms for generating big accelerations was proposed in [5] and is based on considering the string tension in the process of hadronization. Thus, the collisions of heavy ions and e + e − annihilation can become a laboratory for studying the effects of acceleration, and in the case of annihilation, the effects of acceleration arise in their pure form, unlike ion collisions, where rotation is present at the same time.
One of the most interesting and unusual quantum-field effects of acceleration is the Unruh effect [6] , which consists in the appearance of thermal radiation in an accelerated system, with the Unruh temperature T U = a/2π depending on the acceleration.
Recently it was shown [7, 8] that the Unruh effect can be derived by calculation of the quantum corrections from acceleration in the thermodynamic observables. Such corrections in the energymomentum tensor of free massless fermion fields were obtained in [9, 8] . In particular, it was shown that the energy density of a fermion gas moving with acceleration in the laboratory frame is equal to
which is the result of an exact analytical calculation of quantum corrections based on the fundamental equilibrium density operator of Zubarev [10] , in which the acceleration effects are described by the term with the boost operator. For instance, the coefficient of the term A 2 a 4 of the 4th order in acceleration in (2.1) is obtained by calculating the quantum correlator of the form
whereK x is a boost operator translated to the vector x µ , and the index β (x), c means that averaging is performed by means of the density operator with a µ = 0 and only connected correlators are taken.
In [8] it was noted, that (2.1) goes to zero when the proper temperature T is equal to the Unruh temperature
Thus, the Minkowski vacuum state corresponds to the proper temperature, measured by the comoving observer, equal to the Unruh temperature, which can be considered as a new derivation of Unruh effect for fermions. Let's discuss Eq. (2.1) in more detail. Note that (2.1) allows an integral representation in the form of Fermi and Bose integrals
which coincides exactly with the result of the perturbative calculation if T > T U . As shown in [8] , the integral formula (2.4) receives additional motivation from the point of view of another approach based on the covariant Wigner function [11] . The plots of the functions (2.4) and (2.1) are shown on the left panel of Fig.1 . The difference between the two plots should not be surprising, since it is clear that the perturbative expansion may become non-applicable in the area a > 2πT .
An interesting consequence of (2.4) is the appearance of acceleration in the form of an imaginary chemical potential, which was also discussed using the example of axial current and Chiral Vortical Effect in [12] . It is interesting to compare this fact with the observation that the angular velocity appears as a real chemical potential [12, 13] . In particular, in [12, 13] (look also [14] ) a formula for the axial current of massive fermions was obtained
reproducing, in particular, the famous Chiral Vortical Effect. In (2.5) ω µ is the vorticity and n F (E) is the Fermi distribution. In [15] the integral (2.4) was transformed to the form of the integral along the contour in the complex plane shown on the right panel of Fig.1 . It turns out that the appearance of acceleration as an imaginary chemical potential leads to the rotation of this contour when the acceleration changes and it crosses the Fermi distribution pole e p/T = −1 when T = a 2π . This cross of the pole leads to
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This instability as well as the negativity of energy density below the Unruh temperature initially noted in [7] , indicate that the Unruh temperature is the lower boundary temperature for the accelerated medium. Summing up, experimental verification of the expression (2.1) in systems with ultrahigh accelerations could be considered as a way of observing the Unruh effect.
Discussion and Conclusions
The energy scan at EIC allows one to change the temperature. Combining it with the changing acceleration, by considering various centrality and kinematics of final particles, one can study in detail the Unruh effect.
At the same time, the description of atomic number scan is related to the matching with the QCD description of hadronic Single Spin Asymmetries (SSA) to which polarization belongs.
Their essential feature is the imaginary phase which may be described in QCD due to the interchange of soft quarks [16] and gluons [17] between large and short distances.
The latter case may be related [18] to the time-reversal odd Sivers function [19] , whose appearance in QCD is due to the Wilson lines, being another way of describing the soft-hard interactions [20, 21, 22] .
The analog of the imaginary phases generated by these effects was suggested [23] to be the disspation accompanying the transition of angular momentum to spin carried by heavy (baryonic) degrees of freedom in the cores of quantized vortices in the mesonic superfluid.
Here we would like to point out to the another aspect of this similarity. The memory effect, recently considered [4] for large energy QCD may be naturally attributed just to Sivers function. The gluonic Wilson line, necessarily going to the t = −∞ and back after the transverse kick there may be considered instead as a pair of gluons produced there and coming to the points x, y where they are attached to the quarks entering the respective hadronic correlator. The further study of this description is now under investigation.
To conclude, the energy and atomic number scan at EIC allows one to probe the very finde details of QCD theory and its (sometimes surprising) relations with other branches of physics.
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